Salinity is one of the environmental limiting factors in agricultural production. For the aim of investigating the effects of salt stress on some physiological traits in eight varieties, including K3615/1, S.C704, B73, S.C302, Waxy, K3545/6, K3653/2, and Zaqatala in three salinity levels, Zero (control), 50, and 100 mM NaCl in three replicates for the factorial experiment was carried out in randomized complete block design. Treatments were planted in pots. During the experiment superoxide dismutase (SOD), catalase (CAT), peroxidase (POD), chlorophyll a, chlorophyll b, LRWC, and proline were measured. Increasing salinity to 50 mM and 100 mM increased SOD in most varieties. Maximum SOD in 50 mM was seen in K3545/6 with 20.62 unit/min g fw, that with SC302 and B73 were no significant differences, but with other varieties had significant differences. In concentrations of 100 mM, there was no significant difference between varieties in ascorbate peroxidase (APX) enzyme. In these conditions maximum and minimum amount of (APX) was seen in Sc704 with 8.533 unit/min g fw and K3615.1 with 3.898 unit/min g fw, respectively. In concentrations of 100 mM, there was a significant difference between varieties in (CAT) enzyme. In these conditions maximum and minimum amounts of (CAT) were seen in Sc302 and Sc704, respectively. Between catalase with SOD (0.234) and proline (0.284) we found positive and significant correlation at the 5% level. Significant positive correlation between proline with ascorbate peroxidase, catalase, and superoxide dismutase were observed.
Introduction
Maize (Zea mays L.) is one of the most important crops both for human and animal consumption. This crop is cultivated on more than 142 million ha of land worldwide and it is estimated to produce around 913 million tons of grain in 2012/13 [1] , accounting for one third of total global grain production [2] . In the current global climate change scenario one expected threat is the increase in land salinization [3] . Over 6% of the world's land is affected by salinity and its extent is increasing regularly throughout the world [4] .
Nowadays, high salinity in soils is a very serious problem for crop production because most of the cultivated plants are sensitive to salt stress (glycophytes) [5] . Thus land salinization is a major global issue because of its adverse impact on agricultural productivity and sustainability, and as a threat to the food supply. In arid and semiarid regions, the issue is aggravated due to poor soil management practices together with limited rainfall, high evapotranspiration, and high temperature [6] .
One of the common responses to different environmental stresses, both abiotic and biotic, is the accelerated generation of reactive oxygen species (ROS), including superoxide (O 2 
, singlet oxygen (|O 2 ), organic hydroperoxide (ROOH), and so forth [7] [8] [9] [10] . Accumulation of ROS imposes ultimately oxidative stress, exacerbating cellular damage [9, 11] .
Thus, plants need to have appropriate detoxification systems to allow rapid removal of these compounds. They constantly sense the level of ROS and reprogram their gene expression to respond to changes in their environment [12] . The most common mechanism to detoxify ROS produced during salt stress response is the induction of ROS-scavenging enzymes, such as superoxide dismutase (SOD) and catalase (CAT) [9] . SOD converts O 2
•¯ to H 2 O 2 and then CAT converts H 2 O 2 to water and molecular oxygen in peroxisomes. A correlation between antioxidant capacity and NaCl tolerance has been demonstrated in several plant species [13] . Despite the several mechanisms developed by plants to detoxify the excess of ROS production, most of the cultivated plants are glycophytes, and under high salinity in the soil they cannot cope with the extra production of ROS [5] .
Materials and Methods
Our study began in spring 2010 in a region of Ardabil branch Islamic Azad university near Hassan Baroagh village (geographical coordinates 48 and 30 of east length and 38 and 15 of north width with a height of 1,350 m a.s.l.). The climate of this region is cold and semidry. It has a long dry season, especially in summer. The soil of the region is clay that is poor with respect to organic material. For the purpose of investigating all factors, the analysis of soil was conducted to determine the limiting factors of growth in pot and to be sure that there isn't any primary limit in EC (Table 1) .
Eight cultivars of maize, including K3615/1, S.C704, B73, S.C302, Waxy, K3545/6, K3653/2, and Zaqatala on zero salinity level (control), 50, 100, and 150 mM of chloride sodium were cultivated on pot coincidently of the form of factorial test on 3 replications. For the aim of growth limiting factors determination, the percent of its juice was determined and the amount of the needed salt to reach to investigate salinity was calculated using saltcalc software. To do the test we used plastic pots, all of which were filled with leaf soil and sandy soil and fertilizer and cultivated soil by the ratio of 3:2:2:1. The bottoms of the pots were pierced for drainge, and a thin layer of clay was used. To avoid decreasing salt content all pots were placed in another container simultaneously with doing the cultivated salinity. The cultivation was done on 3.5.2010. Irrigation was conducted in normal environmental conditions. Among the growth period, handle weeding was conducted to avoid the growth of loose grasses. We used fertilizers twice in this period considering the feeding needs of the plants in pot condition, in all pots.
During the experiment, leaf relative water content (LRWC), superoxide dismutase (SOD), catalase (CAT), and ascorbate peroxidase (APX) and proline were measured.
For determination of antioxidant enzyme activities, fresh leaf samples (0.3 g) from control and treated plants were ground with liquid nitrogen, and suspended in specific buffer and pH for each enzyme extraction. The homogenates were centrifuged at 14,000 rpm for 20 min. at 4ºC and resulting supernatants were used for enzyme assay. Superoxide dismutase (SOD) activity was determined based on the inhibition of education of nitro-blue tetrazolium in the presence of riboflavin in the light at 560 nm as described by Giannopolitis and Ries [14] . A unit of SOD activity is defined as the amount of enzyme, which caused 50% inhibition of the reaction in the absence of enzyme. Catalase activity was measured titrimetrically by the Chance and Maehly method [15] , whereas peroxidase activity was measured on a colorimeter using purpurogallin for standard curve. The activity of APX was assayed according to Chen and Asada method [16] . The reaction mixture (3 mL) contained 50 mM phosphate buffer (pH 7.0), 0.5 mM ascorbic acid, 0.5 mM H 2 O 2 , and 0.1 mL enzyme extract. The reaction was started by the addition of H 2 O 2 . The activity of enzyme was assayed by measuring the decrease in absorbance at 290 nm for 1 min of ascorbic as ascorbic acid oxidized.
Photosynthetic pigments (chlorophyll a and b) were measured using the method of Arnon [17] and Ashraf [18] in fresh leaf samples, a week before the harvest. One plant per replicate was used for chlorophyll determination. Prior to extraction, fresh leaf samples were cleaned with deionized water to remove any surface contamination. Leaf samples (0.5 g) were homogenized with acetone (80% v/v), filtered, and made up to a final volume of 5 ml. Then the solution for 10 minutes away in 3,000 (rpm) centrifuged. Pigment concentrations were calculated from the absorbance of extract at 663 and 645 nm using the formula given below: Free proline accumulation was determined using the method of Bates et al. [19] . 0.04 gram dry weight of leaves was homogenized with 3% sulfosalicylic acid and after 72 h that proline was released; the homogenate was centrifuged at 3,000 g for 20 min. The supernatant was treated with acetic and acid ninhydrin, boiled for 1 hour, and then absorbance at 520 nm was determined by a Uv-visible spectrophotometer.
Leaf relative water content (LRWC) was calculated on the basis of the Yamasaki and Dillenburg method [20] . Two leaves were randomly chosen from middle parts of the plants in each repetition. At first, leaves were separated from the stems and their fresh masses (FM) were calculated. In order to measure the saturation mass (TM), they were placed into the distilled water in closed containers for 24 hours at 22ºC for the purpose of reaching their greatest amount of saturation mass, and then they were weighed. Then leaves were placed inside the electrical oven for 48 hours under at of 80ºC and the dry mass of the leaves (DM) was obtained (DM). All of the measurements were done by scales with 0.001g accuracy and were placed into the following formula:
Statistical analysis of the data was done on the basis of randomized complete block design. The average of attendances was calculated on the basis of Duncan method at 5% probability level.
Result and Discussion
Analysis of variance for the studied traits are shown in Table 2 . For the traits ascorbate peroxidase, superoxide dismutase, chlorophyll a, chlorophyll b, and LRWC at different levels of salinity were a significant difference. Azooz et al. [21] in the activity of antioxidant enzymes in maize Cultivar showed that in the control (no salt) with salinity levels significant differences was seen [21] . Drought and salinity stresses are two of the most important environmental factors limiting plant growth and productivity worldwide [22] . The tolerance to salinity or water stress could be related to different genetically determined capacity of plants to cope with oxidative stress events [23] . Therefore, the identification of physiological and biochemical components of the antioxidative defense system, which have the potential to confer drought or salinity tolerance, could be essential for the characterization of stress-tolerant plant species [24] . Activities of both CAT and SOD showed dramatic increases in plants under moderate salt stress (150 mM NaCl) compared with control, similar to findings by Barakat [25] .
Between the varieties for catalase enzyme, chlorophyll a, LRWC, ascorbate peroxidase, superoxide dismutase, and proline, significant difference was seen in 1% probability level, but there was significant difference in interaction between varieties in salinity for only proline and LRWC. In enzyme ascorbate peroxidase, significant differences were obtained between varieties at the 1% level. But there was no significant interaction between varieties in salinity. In enzyme superoxide dismutase, significant differences were obtained between varieties at the 1% level. But there was no significant interaction between varieties in salinity.
Comparing the average of understudy characteristics are shown in Table 3 . In the control condition, there was no significant difference between varieties in superoxide dismutase enzyme. In these conditions maximum and minimum amounts of SOD were seen in Sc302 and Sc704, respectively. With increasing salinity to 50 mM and 100 mM, increased SOD in most varieties (Fig. 1) . Tuna et al. [26] in effect of gibberellic acid and salinity on antioxidants and growth parameters on corn plant showed that with increasing salt concentration, a significant decrease in dry weight, relative amount of chlorophyll, and leaf water content was seen.
Maximum of SOD in 50 mM, was seen in K3545/6 with 20.62 unit/min g fw, that with SC302 and B73 were no significant differences, but with other varieties had significant differences. In this condition a minimum amount of SOD was seen in Sc704 with 4.318 unit/min g fw. Koca et al. [27] and Athar et al. [28] showed that superoxide dismutase activity in resistant varieties to salinity increases sharply.
In concentration of 100 mM salt, maximum of SOD was seen in Zaqatala with 26.45 unit/min g fw, that with Waxy and B73 there were no significant differences, but other varieties had significant differences. In this condition a minimum amount of SOD was seen in K3615.1 with 7.971 unit/min g fw. In the control condition, there was a significant difference between varieties in ascorbate peroxidase (APX) enzyme. In these conditions maximum amount of ascorbate peroxidase (APX) enzyme was seen in Sc302, which did not show a significant difference with Waxy. Minimum (APX) were measured in B73. In concentration of 50 mM, maximum amount of ascorbate peroxidase (APX) in sc302 was obtained, that with the other varieties saw a significant difference. Varieties k3653\2 in 50 mM salt was removed. In concentration of 100 mM, there was no significant difference between varieties in ascorbate peroxidase (APX) enzyme. In these conditions maximum and minimum amounts of (APX) were seen in Sc704 with 8.533 unit/min g fw and K3615.1 with 3.898 unit/min g fw (Fig. 2) .
In the control condition there was a significant difference between varieties in catalase (CAT) enzyme. In these conditions maximum amount of catalase (CAT) enzyme was seen in K3615.1 with 43.33 unit/min g fw, which did not show a significant difference with Waxy with 35.22 unit/min g fw. Minimum (CAT) were measured in K3653\2 with 2.493. In concentrations of 50 mM, maximum amount In concentrations of 100 mM, there was a significant difference between varieties in (CAT) enzyme. In these conditions maximum and minimum amounts of (CAT) were seen in Sc302 and Sc704, respectively. In normal conditions, between variety, in terms of chlorophyll a, chlorophyll b, and leaf relative water content was not significantly different. Reduced chlorophyll content during stress recorded under the present investigation confirmed the harmful effects of ROS on photosynthetic pigments and ultimately on photosynthesis. This is in line with results reported in sunflower [29] , rice [30] , bean [31], maize [32] , and wheat [33] . In normal conditions the maximum proline content in K3653.2 obtained with K3545.6 showed no significant difference. Proline content increased significantly under drought and severe salt stress conditions in A. altissima seedlings, supporting its role as a protective agent under oxidative stress conditions [34] . Simple correlation between antioxidant enzyme and some growth characteristics shown in Table 4 . Between catalase with SOD (0.234) and proline (0.284) we found positive and significant correlation at the 5% level. Significant positive correlation between proline with ascorbate peroxidase, catalase, and superoxide dismutase were observed. Between leaf relative water content with antioxidant enzymes and proline significant positive correlation was calculated. Between chlorophyll with ascorbate peroxidase and leaf relative water content, a significant positive correlation was computed. Significant positive correlation between ascorbate peroxidase, with leaf relative water content, proline, and chlorophyll a and b were calculated. Although these correla- Table 3 . Comparing the averages of understudy characteristics in eight cultivars of maize. * significant difference in probability level of 5%, ** significant difference in probability level of 1% 
